The perceived safety of vaccination is an important explanatory factor for vaccine uptake and, consequently, for rates of illness and death. The objectives of this study were (1) to evaluate Canadian attitudes around the safety of the H1N1 vaccine during the fall 2009 influenza pandemic and (2) to consider how public health communications can leverage the Internet to counteract, in real time, anti-vaccine sentiment.
P rior to the 2009 influenza A (H1N1) pandemic, public health experts recognized that communities throughout the globe were deficient in pandemic planning (Mareinniss et al. 2009 ) and could benefit from strategies to increase vaccination rates. In any epidemic, high vaccination uptake is essential in order to limit transmission, protect groups at high risk, reduce the number of severe outcomes and prevent an overload of health services use. Inadequate information about the protective effects of a demonstrably safe flu vaccine reduces immunization rates, contributing to a more rapid spread and wider distribution of an epidemic. Healthcare workers are at particular risk, and, accordingly, in some jurisdictions such as Ontario, it is a hospital board-level responsibility to ensure rapid-response emergency preparedness plans are in place to protect the safety of hospital workers in the event of an infectious outbreak . Systematic reviews show that vaccines prevent infection, complication and death, especially when provided to groups at high risk (Jefferson et al. 2008) . Why, then, do many people choose not to be vaccinated? Reasons include a lack of familiarity with the epidemiological facts, a lack of support or notification from the healthcare system and unfounded fears about vaccine safety (Baeyens 2010; Maurer et al. 2010) . Common fears are that a new vaccine has been rushed to production with insufficient prior research, that it has not been adequately tested and that long-term studies are needed (Seale et al. 2010) . General anti-vaccination sentiment has been growing worldwide due to the well-publicized but unsubstantiated link between flu immunization and autism; between hepatitis B vaccination and multiple sclerosis in France; and between convulsions and sudden death and human papillomavirus immunization in Austria, Germany and Spain (Alvarez-Pasquin et al. 2009 ).
Efforts to offset the arguments of the anti-vaccine movement, to calm public fears and to provide accurate information require sustained, effective public health communication. Concerns about safety and side effects need to be addressed; as well, transparency is required about the vaccine development process. Was this successfully accomplished in Canada? A poll conducted between October 1 and 5, 2009, by Harris-Decima revealed that only a third of Canadians intended to get vaccinated, 11% described themselves as very concerned about H1N1 and 25% reported being somewhat concerned (Harris-Decima 2009). The federal health minister noted that the biggest challenge to preventing the spread of the virus was communicating the need for vaccination. Health Canada's information about vaccine safety was broadly disseminated on posters, on buses and subways, in multi-language newspapers and on social media such as Facebook. The information was posted on government and hospital websites across Canada, and Health Canada's website was prominently hyper-linked via mainstream Canadian media news sites. This seemed like a logical communications strategy given that the news media have been a leading source of public health information (Gollust and Lantz 2009) .
The challenge with social risk communication in the age of the Internet is the increasing fragmentation of media (Sunstein 2007) . Today, Canadians access health information not through print newspapers, radio or cable television but predominantly through the Internet. For at least five years, the first place people seek health-related information has been the web (Hesse et al. 2005) . Unfortunately, some Internet sites and postings, light on facts and packed with emotionally laden anecdotes, worsen concerns regarding vaccination safety (Maurer et al. 2010; Wolfe et al. 2002) .
Given the degree to which the public accesses vaccine-related information online, we wanted to track whether online postings about the H1N1 flu vaccine were undermining ongoing communications efforts by public health authorities during the fall of 2009. We also wanted to know whether anti-vaccine sentiment escalated after Health Canada's approval of the vaccine and, if so, to suggest Internet communications strategies (Rizo et al. 2005) at the national, regional and hospital levels that could assess, monitor and, ideally, counteract such sentiment.
Methodology
Two parallel, independent steps were initiated to address our objectives. In step A, we surveyed a random sample of Canadian web users from October 27 to November 19, 2009, about their perceptions of the safety of the H1NI vaccine after Health Canada approved the vaccine. In step B, we determined which vaccine safety Internet sites were most trusted by the public by deploying a dynamic "Internet robot" that informed us about (1) which uniform resource locators (URLs) regarding "myths and facts" about the H1N1 vaccine were being most widely shared and discussed among English-language Internet users and (2) which websites, blogs and links were being shared on social media sites. Both step A (the survey) and step B (the Internet robot) were independent, and the results should be interpreted as such. Both steps of our process are described below.
Step A: Random Online Survey of Internet Users'
Perceptions of Vaccine Safety
For the survey of Internet users' perceptions of vaccine safety, we used the RIWI Time Trender service (http://riwi.com), which applies a patent-pending Internet intercept method that provides access to immediate respondent data based on a random sampling of Internet users. Response to the survey was randomized by accessing thousands of "nonsense" domain names (URLs) that reach hundreds of thousands of random Internet users. A nonsense domain is a URL that has no English-language meaning (e.g., www.jhwje.ca) and is not being used for commercial or other purposes. Thus, the method captures potential respondents navigating the Internet who type in nonsense domains by random accident (i.e., mistypes). The Internet intercept method is not like email spam; it is more akin to an online "random digit dialing" survey since all Internet users have a relatively equal probability of inadvertently landing on the web page where the survey is posted. Only Canadian Internet users were able to respond (geographically identified, anonymously, by their Internet protocol, or IP, address).
The survey asked, "Is the H1N1 flu vaccine safe?" Answer options were limited to "yes," "no," "don't know" and "skip." Respondents were also asked their age (under 18, 18-29, 30-49, 50-64 and over 64) and their sex. They were able to answer only once, either in English or French. The survey contained a privacy policy explaining that collected information would not identify individuals, businesses or households. Respondents were advised that information would be kept anonymous and that they had the choice not to respond.
Step B: H1N1 Myth and Fact Internet Aggregator
At the same time that we initiated the survey (October 27, 2009), we launched a software tool to count how often flu vaccine-related information websites were being shared on blogs and social media sites such as Digg, YouTube, Facebook and Twitter. We wanted to identify which websites containing information on myths and facts about the H1N1 vaccine were the most viewed, read and shared on the web. We used standardized English search strings to identify which websites were discussing the safety of the vaccine. Using a structured algorithm, we were able to track, on a daily basis, which of these websites were rising in popularity (i.e., were being shared with increasing frequency among web users). This is different from counting website "hits," which do not track whether the individuals visiting the site take the additional steps of creating a short form of the URL (i.e., by using popular website "shorteners" such as http://www.tinyurl. com or http://www.bit.ly) and then emailing, texting or otherwise sharing the shortened link (e.g., via Facebook or Twitter) with others. We aggregated and displayed this information in real time on a publicly accessible area called the Flu Chat Lab at http://www.myhealthinnovation.com. The dynamic aggregation of this Flu Chat Lab content is now accessible and ongoing at http://lab.innovationcell.com ( Figure 1 ).
The computer-programmed Flu Chat Lab aggregation technique involved the following five steps:
1. 'Chatter' collection. We built a selection of relevant Englishlanguage search strings (available upon request). The goal of the search strings was to identify postings on the web that contained self-reports about the perceived truth or falsity of information concerning the H1N1 flu vaccine. 2. Data collection. All the search string queries were submitted on a daily basis into Google Search, and search results were collected in a database, with duplicate URLs removed. The first 64 top-ranked search results (for each search string) were collected daily. 3. Scoring. Each unique search re s u l t w a s m e a s u re d f o r "mentions" -that is, the degree to which the URL was shared by global Internet users across the web -to establish a "chat level" in "decibels" (dB). The aggregator tool counted the number of mentions of every search result in the database and assigned it a chat level. The chat level was calculated in units of decibels (dB) as 20 LOG10 (9 + Mentions). This method of measuring chat level is analogous to the measurement by audio engineers of intensity, loudness and power. The logarithmic scale allowed us to visualize mentions as "audio intensity" on a linear scale.
Categorization of chat level.
The chat level for each search result was categorized into one of four levels: high (60 dB and above), medium (40-59 dB), low (20-39 dB) and none (below 20 dB). 5. Daily dynamic scoring. The change in chat level (over 24 hours) was calculated in order to rank "trending" search results. On a daily basis, the chat levels for new and existing search results were updated. In this manner, we visualized the change in chat level for each search result.
Results
Step users to the survey, comparing the response rate in each jurisdiction to its proportion in the national population. Table 1 shows responses by region compared with the percentage of the Canadian population, and Table 2 shows responses by sex compared with the Canadian population. Table 4 . Appendix 1 identifies the top 20 search results discussing the safety of the vaccine.
Twelve of the 20 URLs (60%) in Appendix 1 (http://www. longwoods.com/content/ 21923) contain anti-vaccine sentiment (numbers 1, 2, 3, 5, 7, 9, 10, 14, 15, 16, 17 and 19) . Three of 20 (15%) are government sources (numbers 8, 12 and 20). Our methodology indicated that each of these 20 URLs had been shared and viewed over 1,300 times (i.e., passed from one Internet user to another via social networks such as Facebook, Twitter, YouTube or Digg). The top-ranked URL in Appendix 1 was shared and then viewed by the person to whom the link was sent over 9,600 times, as of the time of this writing. As of April 6, 2009, the Flu Chat Lab showed that the video "Girl Gets 'Flu' Shot and Now Can Only Walk Backwards" (number 2) had been shared 8,773 times and viewed 2,386,817 times, as indicated by YouTube.
Discussion
For our daily tracking survey (step A), we attempted to obtain a random sample of Internet users. Based on Tables 1, 2 and 3, we feel we succeeded in approximating geographical representation across Canada, but Tables 2 and 3 reveal that our sample was not representative in terms of sex and age, which may limit the generalizability of our findings. The online nature of our survey skewed the response toward a younger demographic. Women were overrepresented, possibly due to the fact that women are usually the primary caregivers and would thus be more concerned about vaccine safety. One could question whether the universe of Internet users is representative of the population; however, with Canadian Internet usage being 70% or over for ages 15-64 (over 80% for those 15-54 and 70% for those 55-64 and rising (Statistics Canada 2009b), our survey accessed at least as wide a net of potential respondents as computer-assisted telephone interviewing. A growing percentage of Canadians do not own a telephone landline or they block telemarketers and polling companies from contacting them. At 15.6%, the relatively low response rate could suggest important differences between those who responded and the majority who did not. For example, the respondents might have had more time available to complete the survey than non-respondents. However, the survey took only 10-60 seconds to complete. The large sample size (N = 27,382) reduces concerns about coverage bias. A response rate of 15.6% is reflective of web surveys generally, response rate being a challenge for all online surveys, even when pre-recruited panels are used (Couper and Miller 2008) . We tried to correct for a low response rate by using large, geographically representative, daily, random sampling. With regard to the findings of our Flu Chat Lab (step B), whose findings are independent and should not be correlated with those in step A, the dominant bias is the English-language nature of the postings aggregated. We were limited by query limits imposed by Google Search in terms of the number of search results for each search string. Further, Google Search was the only search engine we used. However, Google Search is by far the most popular search engine in Canada, with the most number of web pages indexed compared with any other search engine in the world.
It is not always possible to interpret the meaning of numbers of mentions of websites since interest can be generated by stories that are amusing, celebrity-focused or popular for other reasons. Nevertheless, we did establish that anti-vaccine sites were generating wide interest among Canadians. There is no direct evidence that viewing anti-vaccine sites led to the perception shared by 41.4% of Canadians surveyed that the H1N1 vaccine was not safe.
Future Policy Directions
Prior research has suggested that health-related blogs with clinically relevant and accurate chronic illness information are 
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frequently the most viewed and, increasingly, the most trusted by Internet users (Seeman 2009 ). Nonetheless, our findings in step B show that sustained anti-vaccine sentiment continues to be viewed and shared actively on the web. Our findings from step A show that Canadian Internet users, even after the approval of the H1N1 vaccine in Canada, were skeptical, over the course of 24 days, about the vaccine's safety. This suggests that public health authorities may need to use "counter-marketing" strategies. So-called counter-marketing is a growing social marketing strategy that has been effective in tobacco control (countering the messages of tobacco companies) (Evans and McCormack 2008 ). An effective counter-marketing strategy can proactively identify and expose misinformation and anecdotal evidence that "tugs at the heart strings" in near real time (Davies et al. 2002) .
Our novel approaches to determining public attitudes to healthcare issues using real-time Internet data gathering can be applied more broadly to understand public sentiment, at low cost and with rapidity, on a broad range of policy issues.
Step A, for example, has already been used to determine public attitudes among Canadians toward providing social supports (e.g., help with the laundry or other household chores) for chronically ill neighbours (Seeman and Brown in press).
Step B can be used to determine the readiness with which people share online information with their peers about taboo subjects such as mental health problems and needs. Highly shared information can help to guide the improved visual design, features and language formatting for online health tools that target subpopulations of interest. Applying both qualitative and quantitative analyses to blogs and exchanges on social networks can potentially tap into the perceptions of large numbers of people with respect to many health issues other than vaccinations (e.g., satisfaction with healthcare services, pathways to care and outcomes and overall experiences of care).
Using tools similar to the ones described here, hospitals, public health agencies, health regions and health ministries can learn about the extent and causes of the public's anti-vaccine sentiments and devise methods to effectively neutralize them. For example, an independent evaluation unit staffed with expert clinical reviewers and social media experts could create a running search string methodology (in both official languages and in other languages reflective of Canada's diverse population) akin to our approach in step B. This approach would identify, in real time, which websites were disseminating popular anti-vaccine-related information. Sites with anti-vaccine sentiment that were growing in intensity could be flagged. These findings could be stored in a secure database accessible by website editors working with public health officials at the national, provincial and local levels, and by web editors working with hospitals and health regions. While we have not provided direct evidence that Internet viewing was responsible for the low uptake of the H1N1 vaccine, Betsch et al. (2010) have shown that accessing vaccinecritical websites for five to 10 minutes increases the perception of risk of vaccinating and decreases the perception of risk of not vaccinating. Intentions to vaccinate are diminished by such viewing. Vaccine-critical websites therefore potentially contribute to changes in risk perception, which, in turn, can affect the public's willingness to get vaccinated. Future research should validate the extent to which website information does, in fact, influence perceptions of vaccine safety, public willingness to get vaccinated and other areas of patient safety. Given the amount of resources that companies, charitable organizations and healthcare organizations are currently investing in viral advertising on the web, particularly on social networks, it is likely to have some impact (Seeman 2008) ; but the exact extent of this impact is hard to assess beyond traditional metrics such as website hits and trends in site usage (e.g., Alexa.com).
There is some literature suggesting that people seek out information that confirms their existing attitudes (Sunstein 2007) ; therefore, the impact of misinformation about the vaccine might be less than we think. Given the thousands of websites being created every second, competition for public attention online is extremely challenging. Therefore, measures of engagement of the target population, rather than simple website hits, are more valuable to assessing the impact of any online healthcare intervention or information tool. The degree to which the public shares websites (our process in step B), rather than website hits, is one such measure of engagement. Other measures of value include the degree to which potential users of a website can become aware of its existence. Such measures might include the Google "footprint" for the website of interest ("geo-located" to URLs for the target populations); "in-links" to the website; and the extent to which the site is visible on Google when the target populations actively search for related information (e.g., cancer and depressed for people suffering from these overlapping conditions).
Our Approach: Collaborative CounterMarketing to Address Anti-vaccine Sentiment What we call a "collaborative counter-marketing model" involves engaging in publicly viewable web discussions with the authors of the anti-vaccine postings. This could be accomplished through an independent evaluation unit's ongoing postings or annotations to the content posted by vaccine dissenters. This approach would show constructive, transparent engagement and provide demonstrable evidence that a counter-marketing strategy is meant to provoke dialogue, not shut down dissent. The public perception of shutting down dissent could, in itself, raise skepticism and anti-vaccine sentiment that could accumulate on blogs and online forums. Under our approach, each region and hospital could engage in meaningful dialogue with locally influential dissenters. Those with disproportionate influence in a particular geographical region could be identified by the evaluation unit using detection methods geo-located to towns, cities and provinces. Local authorities could choose with whom to engage in dialogue in order to achieve maximum impact.
Conclusion
The web contains much flu-related anti-vaccine sentiment that is potentially dangerous to the perceptions of risk and a willingness to get vaccinated. This challenge, we feel, can potentially be mitigated using real-time web analytics. Current public health communication and education strategies can be complemented by web analytics that identify and track anti-vaccine sentiment on the Internet. A collaborative counter-marketing model can be supported by the type of real-time daily Internet tracking survey described in this article (i.e., step A), making it possible -at a community, city, province, region, or country level -to monitor the success of the collaborative counter-marketing strategy. When, in a future pandemic, scarce public health resources need to be shifted rapidly to regions where anti-vaccination sentiment runs high, a method of collaborative counter-marketing, as described here, can provide the public with accurate risk information, which should help to boost vaccination rates and thereby enhance public safety.
Patient and staff safety are inseparably linked
At Vancouver Coastal Health, we believe that safe and healthy staff ensure safe patient care.
We are committed to active involvement in targeting improvements to the health and well being of employees, the healthiness of the workplace and the sustainability of the health care system. We encourage a safety culture of open communication that invites participation and knowledge exchange. And we extend our health and safety efforts beyond the workplace by engaging with our community partners and educational institutions, resulting in benefits that contribute to healthy workplaces and to patient safety.
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